Laparoscopic approaches to gynecological surgery have been developed by an elite group of highly skilled surgeons. As these procedures become more prevalent in the general gynecological approach to disease and the general gynecologist' s approach to treatment, the complication rate for these procedures is likely to increase. In an effort to assist in avoiding these complications, guidelines for the performance of laparoscopic gynecological procedures need to be established. This article presents approaches to the most common gynecological procedures that can assist in the prevention of complications.
INTRODUCTION
A short review of the literature on the laparoscopic hysterectomy (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) revealed the following complications: bladder injuries including lacerations, punctures, vesiclevaginal fistulas; ureteral injuries including ureterovesicle fistulas, ureteral transections, and cauterizations; bowel injuries including enterotomies, thermal injuries, and herniations into trocar sites; nerve injuries; hemorrhage both intraoperative and postoperative, some requiring transfusion; injuries to abdominal wall vessels and retroperitoneal vessels; infections including pelvic abscesses requiring drainage, cellulitis, and pneumonia, with one postoperative case of pneumonia resulting in death; anesthetic problems including cardiac arrythmias and pulmonary edema; and vascular problems including deep venous thrombosis and pulmonary embolus.
Of all the laparoscopic gynecological procedures, only the complication rate of the laparoscopic-assisted vaginal hysterectomy (LAVH) and laparoscopic hysterectomy has been studied and recorded. In one such study by Padial et al. (13) patients undergoing LAVH had a 10.6% frequency of febrile morbidity and no organ injuries or wound infections. Those having a vaginal hysterectomy during the same time frame experienced a 31% rate of febrile mor-bidity, with one instance each of a bladder and a bowel injury, and no wound infections. The women treated by abdominal hysterectomy experienced a 52% rate of febrile morbidity, with two instances each of bowel and bladder injury, two blood transfusions, and four wound infections.
As our procedures improve and our surgical skills mature, the already low instance of complications with the laparoscopic approach to gynecological procedures can be expected to fall further. The purpose of this article is to provide the laparoscopic gynecological surgeon with techniques to minimize even further the complication rate.
This article addresses the following areas: patient preparation; anesthesia considerations; patient position; insufflation and trocar placement; treatment of vascular pedicles; minimizing the risk ofbladder, bowel, and ureter injury; minimizing the risk of infection; and minimizing the risk of thromboembolic events.
PATIENT PREPARATION
Patient preparation should include careful counseling of the patients for the possibility of an open procedure as well as counseling on all of the risks of laparoscopic surgery (20) (21) (22) (23) (24) (25) (26) (27) .
The patient should be instructed for all advanced laparoscopic procedures and undergo a bowel cleansing procedure with the use ofan osmotic agent such as GoLITELY (25, 28) . Prior to initiation of the procedure the patient should be given intravenous antibiotics such as cefotam (1 g ) and metronidazole (500 mg) for infection prophylaxis.
Before using this protocol, the author experienced two vaginal cuff infections after LAVH. Since The gas supply is then attached. It is advised to use a large bore tubing for placement of the gas as the resistance to flow of gas in a tube is inversely proportional to the fourth power of the radius of the tube. Doubling the radius of the tube reduces the resistance to flow of the gas by a factor of 16. The pressure of insufflation should be monitored early in the introduction of the gas supply. If the Veress needle is properly positioned, the pressure noted on the gauge will be less than 6 mm Hg. If The umbilical site for the initial entry should be avoided if the patient has had a previous operation, either from a Pfannensteil incision or from a vertical incision (39, 40) .
The incidence of bowel adhesions in the region of the umbilicus from these types of procedures can range from 20 to 40% (42) . In addition, if a patient has had a previous umbilical hernia repair, the incidence of adhesions to this area is almost 100%. In this case the preferred site of entry is the Palmer site or equivalent right upper quadrant site. The Palmer point (left upper quadrant midclavicular line below the last rib) can be used for either direct puncture or placement of the Veress needle. It is advised by some that the placement of the needle or the trocar be in a 15 oo cephalad direction rather than in a caudad direction (39) . In either case, this site is preferable when lower abdominal adhesions are present. By utilizing this site and becoming familiar with it, the laparoscopic gynecological surgeon can avoid trocar injury to bowel and laceration of vessels and adhesions and will find that the visualization, especially with the new three-chip cameras with high light sensitivity and the new 5-mm laparoscopes, is superb. tion of the inferior epigastric arteries and veins (17, 24, 30, 43) . Even in the most obese patients these vessels can usually be visualized because of their close proximity to the peritoneal surface as they cross in near proximity to the round ligament. Avoiding the inferior epigastric vessels is best accomplished for 12-mm trocars by placement of the trocars lateral to these vessels and lateral to the rectus sheath. By placing the trocars in this position, the vasculature of the rectus sheath is also avoided. The position of the circumflex artery and vein in the abdominal wall should also be noted. If the surgeon approaches too closely to the pelvic bone, injuries to both the ileal inguinal and ileal femoral nerves as well as the superficial circumflex artery and vein are possible. A position 2 cm cephalad to the anterior superior spine of ileum and at least to 2 cm lateral to the rectus sheath is usually well suited for placement of trocars. The direction ofpuncture initially should be straight vertically and then as the point is visualized at the peritoneal surface, the point can be reposititioned, aiming toward the deep pelvis. Smaller trocars, such as 5-mm trocars, can be placed safely medial to the inferior epigastric vessels through the rectus sheath. Regardless of trocar placement, lacerations of vessels in the abdominal wall will occur. All experienced surgeons have encountered this difficulty and written extensively about its ramifications (17, 24, 30, 43 (57, 58) . If large portions of the adhesion as grasped with bipolar cautery, the surgeon must be aware that thermal energy can spread from the heat sink and the fat tissue can become very hot in the process of being cauterized (51) . Once control of the vasculature has been obtained, the adhesion can then be cut. Great care must be exercised to place traction on the adhesion such that the traction does not pull on the bowel itself. Cutting should be away from the bowel surface.
AVOID COMPLICATIONS OF PROCEDURES Adhesiolysis
The major dangers of adhesiolysis are 3-fold: 1) loss of control of a vascular portion of the adhesion; 2) injury to an adjacent structure near the adhesion such as bowel; and 3) injury to a structure not visualized because the adhesion obscures the view (28, 48, 49) . The first principle for adhesiolysis is to have complete visualization of the extent of the adhesion. Therefore, it is of benefit to place the visualizing laparoscope in different positions in the pelvis to obtain a complete view circumferentially of the adhesion (50) . In this manner, the possibility of bowel being entrapped into the adhesion is appreciated. In addition, the point of attachment of the ad-
Enterolysis
If adhesions exist between loops of bowel, gynecologists should feel comfortable in calling for general surgical assistance for this delicate type of procedure and should avoid the use of any form of electrical or thermal energy in these regions. Bowel-to-bowel adhesions are best treated by first separation and then observation and limited bipolar cauterization of tendrils of vessels if necessary. If unipolar current is applied in bowel-to-bowel adhesions, remember that the current must pass from the instrument through one ofthe loops ofbowel and can cause thermal damage. Use short bursts of concentrated energy to avoid complications with unipolar energy (52). To avoid this, ensure that the ureter has been identified and place traction on the ovary in an upward direction and somewhat toward the pelvis to ensure that the infundibulopelvic ligament is as far away as possible from the ureter at the point of application of the bipolar energy. In addition, apply short bursts of energy and evaluate for coagulation by visualization during the procedure. The creation of a window also was to avoid damage to the ureter.
Ovarian Cystectomies
Ovarian cystectomy can be performed safely by laparoscopic procedures. However, it is most important that the contents of the ovarian cyst not be leaked if there is evidence of any possibility of ovarian cancer. In addition, the contents of dermoid cysts can, if spilled, lead to chemical peritonitis and adhesion formation. The recommended procedure is to perform an excision of the cyst while the ovary is placed inside of a pouch-or bag-like structure, and then to remove the cyst intact inside such a bag. While the cyst is in the bag it can be ruptured as long as the fluid is completely contained within the bag. The base of the ovary where the cyst has been removed is frequently best treated by laparoscopic fulguration using spray coagulation or argon beam coagulation. Superficial bipolar energy or deep monopolar energy can be used for bleeding from the ovarian tissue. Suturing is not recommended because of adhesion formation.
Laparoscopic Burch Procedure
Complications can be avoided during a laparoscopic transperitoneal Burch procedure by ensuring that the initial peritoneal incision is made at least 2 cm above the point of insertion of the bladder into the anterior abdom-162 J.E. CARTER inal wall and by ensuring that the bladder dissection is carried out to as great an extent possible by blunt dissection. Careful dissection of the paravaginal area over the operator's finger will ensure that the bladder is moved well away from the point of insertion of the sutures when they are placed. There is danger of suture placement into the substance of the bladder itself, or if staples are used, they can be inadvertently placed into the bladder. It is important that cystoscopy be performed after laparoscopic bladder suspension to ensure that no evidence of bladder injury exists. Any evidence of blanching on the interior bladder mucosa requires identification of the point of injury by the energy source and long-term drainage for to 3 weeks until the bladder has repaired. In addition, oversewing of the external area ofbladder may be required to ensure complete healing. This can be performed laparoscopically.
Complications of LAVH
During the performance of this procedure the greatest likelihood of damage to the ureter in the ureteric canal exists. The reason for this is the close proximity of the ureter to the uterine artery at the point where the ureter crosses under the uterine artery where there are only 2 cm on average of distance. Any retroperitoneal fibrosis, endometriosis, or scarfing can cause traction on the ureter and bring it much closer to the uterine artery than suspected by the surgeon. For this reason, the application of bipolar energy, sutures, or staples in the region of the ureteric canal must be avoided. The ureter must be carefully dissected and identified and all energy sources applied to the uterine artery after careful dissection and identification of the ureter. In spite of efforts to identify the ureter, it has been stapled, cauterized, and sutured. The best way to avoid damage to the ureter is to avoid the ureter entirely, which for most surgeons may involve stopping their dissection above the point of the insertion of the uterine artery into the uterus commonly refered to as the ascending branch of the uterine artery. The use of ureteric stents also assists in identification of the ureter and new developments of lighted stents may make visualizing the ureter easier for the laparoscopic surgeon (6, 7, 8, 9, 12, 15, 25, 27, 76, 78) .
Treatment and Resection of Endometriosis
The most common procedure in which bowel injuries occur is the resection of endometriosis from the rectovaginal septum in the obliterated cul-de-sac (79) (80) (81) . When one suspects that surgery in this region will be performed, a bowel preparation should be provided preoperatively for the patient. These bowel injuries can be repaired laparoscopically with standard techniques as long as the bowel is cleaned preoperatively. If it is necessary to remove a portion of bowel in a disk excision, this can be removed and repaired. Excision of endometriotic tissue in the region of the uterosacral ligaments and of the rectovaginal septum requires great care and preoperative identification of the ureters. In addition, the placement of both vaginal and rectal probes can help identify planes of dissection. If the ureter cannot be identified and planes ofdissection cannot be identified, an open procedure may be of great benefit to both the patient and the surgeon. 
EXITING THE ABDOMEN
Once the surgical procedure has been performed, it is necessary to exit the abdomen. Exiting the abdomen is best performed by first removing all gas and evaluating the pelvis after installation of to 2 liters of normal saline or lactated Ringer's solution. Any areas of bleeding should be carefully controlled as these may result in a larger amount of bleeding postoperatively (83) (84) (85) (86) (87) (88) . All tissue should be evaluated, and the areas should be cleaned care-
fully. An underwater examination should be carried out in a clear field. If there is any question of potential damage to the bowel, then it should be evaluated by the placement of a sigmoidoscope and the placement ofair into the bowel lumen, and evaluation underwater to ensure that there is no gas leakage from the bowel (79) . If an operation has been performed close to the bladder or the ureters, the bladder should be evaluated with cystoscopy and the bladder also be fill with 250 ml of methylene blue to evaluate for any leakage areas. If there is any suspicion of damage to the ureter, the integrity of the ureter can be checked by evaluating for the passage of indigo carmine from the ureters at the ureteric orifices while performing cystoscopy. Urological consults should be obtained if there is a question of damage to the ureters during the surgery.
Unrecognized damage to the bowel can be a lethal complication (28) . In 66 cases of bowel injury, 13 cases were of large bowel damage and 53 were of small bowel damage. These were cases in which bowel injury occurred but was not recognized at the time of surgery. The bowel can be perforated without obvious leakage of contents. To avoid this risk, severe intra-abdominal adhesions, particularly those involving the small bowel, should only be dealt with when the patient has been adequately prepared and the surgeon has appropriate experience.
The site of any divided adhesions should be carefully inspected. After all laparoscopic surgery, the surgeon should maintain a high index of suspicion of the possibility of bowel perforation. In these 66 cases of unrecognized injury, three patients died, all of whom had a delay in diagnosis of more than 72 hours. Any patient with increasing pain and malaise after laparoscopic surgery should be assumed to have a perforated viscus until proven otherwise (28) .
At this point, after complete evaluation of all surgical sites has been performed, the surgeon is prepared to exit the abdomen. This author finds it helpful to place into the peritoneal cavity 20 ml of0.25% Marcain for relief ofpain and to remove all CO2 gas that has been insufflated. In addition, all trocar sites are injected with 0.25% Marcain.
The pain from a bowel injury would remain after the Marcain effect has resolved. This author has found fewer complaints ofshoulder pain and incisional pain since using this regimen and less abdominal pain.
The trocar sites of 10 mm and larger instruments should be sutured closed using techniques that allow the closure of both the fascia and the peritoneum (89) (90) (91) (92) (93) (94) (95) (96) (97) (98) (99) (100) (101) (102) (103) (104) (105) (106) (107) (108) . For this purpose, the Carter-Thomason Fascial Closure Device or an equivalent instrument should be utilized. Herniation into port sites can occur in as many as 3% of 12-mm port sites in lateral positions which are not closed and in 0.3% of those which have been closed by standard techniques that did not include closure of the peritoneum as well as the fascia (26) .
All instruments should be removed under direct vision and all sites 10 mm and larger closed under direct vision. The umbilical site can be closed by an alternative method offigure-of-eight 0 Vicryl suture using a UR-6 needle. The skin incisions should be irrigated carefully with an antibiotic solution and then closed in the method preferred by the surgeon. We use a 3-0 nylon which is removed 1 to 2 days after surgery, and the wound closure is reinforced with Steri-Strips.
Postoperatively, the patient's hemoglobin is evaluated in the recovery room to ensure that no vascular compromise has occurred.
FINAL REMARKS
Remember that the most common laparoscopic complications are generally vascular. The most common catastrophic vascular complications are those that occur at the initiation of the procedure such as placement of a trocar through the aorta. In two cases in which this was reported, the patient survived, but only after the placement of the aortic grafts (83) .
The surgeon must also remember that bowel injuries may take from 3 to 7 days to manifest themselves, and return visits of the patients to the surgeon between days 3 and 6 are mandatory to ensure proper follow-up with those patients. Patients should be instructed that any increase in abdominal pain should be evaluated immediately. The pain experienced after laparoscopic surgery should not be assumed to be related to retention of CO2 gas and diaphragmatic irritation until the patient has been personally evaluated by her operating surgeon (28, 109, 110) .
In 127 advanced gynecological laparoscopic procedures reviewed for complications at a community hospital, significant complications were associated with oophorectomy, ovarian cystectomy, myomectomy, pelvic lysis of adhesions, and laparoscopic-assisted vaginal hysterectomy (111) . In addition, 100 hysteroscopic procedures were also performed. Uterine perforation occurred in 8% of the hysteroscopic procedures, and there were four postoperative infections in the hysteroscopic group. The patient with the most severe case of hyponatremia had a serum sodium level of 125 mEq/1.
In this study (111) , laparoscopic management ofectopic pregnancy resulted in 13% complications. Salpingectomy and paraovarian cystectomy was performed in 11 patients, and there were no complications. Translaparoscopic adnexal surgery, including ovarian cystectomy, oophorectomy, and salpingo-oophorectomy, as performed in 30 patients, and there were complications in 5 patients 17%). The complications included problems with the stapling device, unplanned hospitalization for fever and ileus, tuboovarian abscess, difficulty retrieving the ovary, and abdominal wall hematoma (111) .
Translaparoscopic myomectomy was performed in 16 patients, (111), with 5 ofthem having complications (31%). These includes requiring a minilaparotomy to remove a fibroid, requiring an abdominal approach to complete the procedure, and having difficulty with the colpotomy incision, as well as one lost fibroid. LAVH was performed on 15 pa-tients, and there were complications in 9 (60%), including excess blood loss in 8 (mean 767 ml), entering the bladder, and febrile morbidity. Pelviscopic lysis of adhesions was performed on 9 patients, and there was a 55% complication rate (5 patients). Complications included bleeding from a secondary trocar site, excess blood loss, fluid imbalance, transfusion, unplanned hospitalization, general surgical consultation, and an intraoperative intravenous pyleogram. Those who perform a large number of laparoscopic procedures may be surprised at these results, but these are the types ofcomplications that can occur as more and more surgeons begin to approach laparoscopic surgery without, perhaps, proper credentialling or training (111) .
During all operative laparoscopic procedures, if lasers operated by beams are used, they should be back stopped.
If electrosurgical instruments are used, bipolar electrosurgery is safer, because the current passes only from one conductor plate to another directly in view from the operator. When unipolar cautery is used, the ultimate safety in electrost/rgery can be only achieved by active shielding. All instruments should be actively shielded. The active shield leads all capacitively coupled energy back to the surgical unit and detects any energy derived from direct coupling. In the case of direct coupling, the monitor will order the electrosurgical unit to shut down (45) .
Remember that the main causes of electrosurgical injuries are inadvertent touching and grasping of tissue during current application, direct coupling between a portion of intestine and a metal probe that is touching the activated probe, insulation breaks in the electrodes, direct sparking to the intestine from the active probe, and current passage to the intestine from recently coagulated, electrically isolated tissue (45) .
